The Ca 2+ /Calmodulin(CaM)-dependent protein kinase II (CaMKII) is activated by Ca 2+ /CaM, but becomes partially autonomous (Ca 2+ -independent) upon autophosphorylation at T286. This hallmark feature of CaMKII regulation provides a form of molecular memory and is indeed important in long-term potentiation (LTP) of excitatory synapse strength and memory formation. However, emerging evidence supports a direct role in information processing, while storage of synaptic information may instead be mediated by regulated interaction of CaMKII with the NMDA receptor (NMDAR) complex. These and other CaMKII regulation mechanisms are discussed here in the context of the kinase structure and their impact on postsynaptic functions. Recent findings also implicate CaMKII in long-term depression (LTD), as well as functional roles at inhibitory synapses, lending renewed emphasis on better understanding the spatiotemporal control of CaMKII regulation.
Introduction
CaMKII has sparked the imagination of neuroscientists since its discovery [1, 2] . It is highly expressed in brain and is further enriched at excitatory synapses and their postsynaptic densities (PSDs). Moreover, its stimulation by Ca 2+ /CaM can also generate Ca 2+ -independent autonomous activity that outlasts this initial stimulus [2] [3] [4] . Thus, CaMKII is ideally poised to mediate the induction and maintenance of synaptic plasticity underlying learning and memory. Indeed, CaMKII can mediate LTP of excitatory synapse strength [5] [6] [7] [8] [9] , both by increasing the number of synaptic AMPA receptors (AMPARs) [10] [11] [12] and their conductance [13] [14] [15] [16] (see also [17] [18] [19] [20] [21] ). Furthermore, knockout mice of CaMKIIa, the major isoform in brain, were the first transgenic animals with a behavioral phenotype in learning and memory [22] .
Over 25 years of research has firmly connected CaMKII with LTP of excitatory synapses (Table 1) , however, recent findings have expanded this traditional view: CaMKII is also required for postsynaptic mechanisms induced by excitatory LTD-stimuli, both for depressing excitatory synapses [23] and for potentiating inhibitory synapses [24, 25] . Further complicating the matter, at least some of the LTP-and LTD-mechanisms require CaMKII autophosphorylation at T286 [25] [26] [27] . Thus, the spatial and temporal control of CaMKII regulation in neurons has gained much renewed significance [28] . Despite recent advances on the regulation and structure of CaMKII [29] [30] [31] [32] [33] , both areas still pose many unsolved riddles. Here, we discuss our current understanding of CaMKII regulation mechanisms in the context of the kinase structure and their role in synaptic functions, with a focus on the CaMKIIa isoform. (Figure 1a) . Splicing can affect targeting and regulation. For instance, the minor splice variant aB contains a nuclear localization signal [37] , and the developmental variant be lacks the F-actin binding found for the major b isoform [38] . Additionally, variants with shorter linkers (such as the major a isoform) appear to be generally less sensitive to Ca 2+ -stimulation [31,39,40] . All isoforms are expressed in brain, and CaMKIIb and d are prominent in the cerebellum [36, 41] . However, a and b make up the vast majority of neuronal forebrain CaMKII, with an a:b ratio of approximately 3:1 and together constituting >1% of total protein [2] [3] [4] .
CaMKII holoenzymes are formed by 12 subunits via their C-terminal association domains, with the N-terminal kinase domains radiating outward (Figure 1a,b) . This principle arrangement (first visualized 30 years ago [42] ) is now well supported by increasingly precise reconstructions based on electron microscopy (EM) and partial crystal structures [31, 32, [43] [44] [45] [46] . Lack of any apparent isoform preference in this assembly should lead to mainly heteromeric holoenzymes, with accordingly mixed regulatory and targeting properties [39, 47] . However, formation of CaMKIIb homomers is enabled in inhibitory hippocampal interneurons by lack of CaMKIIa expression [48, 49] . Formation of CaMKIIa homomers in excitatory hippocampal pyramidal neurons is enabled by dendritic localization and translation of only the CaMKIIa, but not b mRNA [41, [50] [51] [52] and by the lack of CaMKIIb in a subset of individual neurons [39] . Dendritic translation can be enhanced by neuronal stimulation [53] , which may thus specifically increase CaMKIIa homomers. Once formed, CaMKII holoenzymes appear to be stable, however, subunit exchange has been observed -at least
